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DIRECT EVIDENCE FOR &.d-DIFLUOROCARBOCATXONS IN THE REACTIONS 

OF CHLOROACRTIC ACIDS WITH SULPHUR TETRAFLUORIDE 

J. WIELGAT and 2. DOMAGALA 

Institute of Organic Chemistry, Polish Academy of Sciences, 

00-961 wal’S8W (Poland) 

Reactions of chloro-, and diohloroacetlo aoids with sulphur 

tetrafluoride and p-xylene or mesitylene gave, besides chloro- 

fluoroethanes CF3CH2C1 and CF3CHC12, small yields of chloro- 

fluoroethylarenes ArCF2CH2C1 and ArCF2CHC1P, and chloroacetyl- 

arenes ArCOCHRCl and ArCOCHC12 @r-p-xylyl or mesityl). With 

mesitylene, compounds ArCF2CH2C1 and ArCF2CHC12 are formed 

exclusively by alkylatlon of mesitylene with carbocationa 
+ + 

CRiClCF2 and CHC12CF2, respectively, while with p-xylene, both, 

alkylatidn and the conseoutlve fluorination of chloroacetyl- 

p-xylenes with SF4 can contribute to the formation of the 

corresponding ohlorofluoroethyl-p-xylenes. 

INTRODUCTION 

Reactions of carboxylic acids with sulphur tetrafluoride 

have been systematically studied in this Laboratory [I]. On 

the basis of numerous, results a mechanism involving fluoro- 

carbonium ions of the type REP2 has been proposed for these 

reactions [ld] but no direct evidence for euoh intermediates 

was so far reported. In an attempt to trap these Intermediate8 

and therefore to verify the propose,d meohaniem, reaatlons of 
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chloro- and dichloroacetio acids with sulphur tetrafluoridg 

in the presence of arenes i. e. p-xylene and mesitylene as 

trapping agents were conducted. 

RBSULTS AND DISCUSSION 

Reactions of chloroacetic acids 1 with arenes 2. and sulphur 

tetrafluoride Rave, in general, three types of products: 

ohlorofluoroethanes 2, ohlorofluoroethylarenes j, and chloro- 

acetylarenes 2. 

RC02R + ArH SF4 M RCF3 + ArCF2R + ArCOR 

1 z 2 4 2 

R I CH2Cl Ar = P-xylyl: A, 4& J& 

L CHC12 = p-xylyl: 2, fi 

x CH2Cl I mesityl: Ja, &, 2 

t CHC12 f mesityl: 2, g, s 

l-Chloro-2,2,2_trifIuoroethsne & and l,l-dichloro-2,2,2- 

trifluoroethane & were formed as the main products in the 
reaotions with ohloro- and dlchloroacetic acids, respectively. 

&-difluoroethylarenea 4 were obtained from all Investigated 

reactions. The yields of 3 varied from 3% to 2799, depending 

on the nature of the reactcmt acid 8nd arene. Chloroacetyl- 

arenss 2 were formed with yieids up to 13.2% (Table f). 

Ketones 2 are the result of acetylation of the arenes with 

chloroacetylfluorides 6, which are readily formed in the first 

stage of the reaotion of chloroacetic acids with sulphur 

tetrafluoride. Two ways to obtain m-difluoroethylarenes 4 

may be oonsidered: a conseoutlve reaction of ketones 2 with 

sulphur tetrafluoride, and a direct alkylation of the arenes 

by fluorooarbocatioAs 1, which were postulated as inter- 

mediates in the reaction of acid fluorides with eulphur 

tetrafluoride leading to trifluoromethyl compounds and 

&&C,X:JLtetrafluoroethers [l]. 



sF4 ~ ArH 
RCO2H RCOF - AnCOB SF4 ) 

-HP, -SOP2 -I-IF 
ArCF2H 

1 

r SF4 ) R;F2 ArH ; 

1 

It has been found thet chloroacetylxylene 58 synthesised 

by another method reacted with sulphur tetrafluorlde to give 

the corresponding Rem-difluoroethyl-p-xylene &, and so both 

possible pathwsys may contribute to the formation of the 

latter compound. However, ohloroecetylmesitylene 2 and $d, 

in agreement with previous findings [2], failed to react 

further with sulphur tetrafluoride, so ge=-dlfluoroethylmesi- 

tylenes & and fi must be formed exclusively e fluoro- 

alkylation of mesitylene with CH2C16F2 and CHC126F2 cations. 

EXPERIMENTAL 

Boiling and melting points 8re uncorrected. NNR spectra 

were taken on a JEOL JNN-4H-100 spectrometer: chemical shifts 
are in p.p.m. from internal CC13F for "F spectra (positive 

upfield) 8nd from internal TMS for 'H spectra (positive down- 

field). GLC analyses were performed with a Chrometron GCHF 

18.3.4 instrument using a 3.5m x 4mm column packed with 

Chromosorb G coated with 3% silicone 011 SE-52. Sulphur 

tetrafluoride was prepared by a standard technique used In 

this Laboratory [la]. The chloroaoetlc acids and the arenes 

used were commercial pure-grade produots. 

Reeotions of chloroacetlo acids 1 with SF4 and arenes 1. 

The reaotions were oarrled out in a O.ldon? stainless steel 

autoolave: 0.19 mole of the acid and 0.2 mole of the arene were 

placed in the autoclave, cooled in dry ice-eoetone mixture, 

evaouated to l-2 mmHg, 8nd then 0.3 mole of SF4 was llqulfied 
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in it. The charged autoclave was heated in a rooking muffle 

furnace for 3 hours at 80-90' for the reactions with p-xylene, 

and at 50-60' for the reaotions with mesitytene, After the 
reaction had run to completion, the autoclave was allowed to 

cool and gaseous products i.e. halothanes 2, SOB*, and HF were 

let out. The residue was poured on iced water, organic layer 

was washed with water, dried over MgS04 and distilled. 

Mixtures of compounds 9 and 2, & and 2, and fi and 2 were 

subjected to separation by column chromatography on A1203 

(Woelm II activity) using petroleum ether (b.p. 60-80') as the 

eluent. 

Reactions of ohloroacetyl~enes 2 i& z with SF4 

l-Chloroacetyl-2,5-dimethylbenene 2 (1.8 g, 0.01 mole), 

SF4 (6.0 g, 0.05 mole), and two drops of anhydroue hydrogen 

fluoride were placed in a 0.03 dcm3 stainless steel autoclave 

and heated at 80-90' for 3 hours. The reaction mixture was 

treated as above and distilled to give 1.7 g (yield 82%) of 

l-(fl-chloro-4,6-difluoroethyl)-2,5-dimethylbensene &. 

A similar reaction with I-chloroacetyl-2,4,6-trimethyl- 

benzene 2 gave only the unreacted substrate. 

ACKNOWLEDGEMENT 

This work has been supported by the Polish Academy of 

Sciences within the project MR-I-12. 

REFERENCBS 

1 W. DmOWSki and R. Kollfiski, Pbl.J.Chem., a) Q (19731 1211; 

b) 48 (1974) 1697; c) 52 (1978) 71; d) x (1978) 547. 

2 C. Kullgren, Of. Sv., (1896) 389. 

3 F. Kunckell, Ber., 29 (1897) 579. 

4 H.R. Snyder and B.W. Roeske, J. Amer. Chem. Sot., 

B (1952) 5820. 


